The Challenges of Returning to the Moon and on to Mars
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Note
Apollo 11 first placed America on the moon on July 20, 1969. This extraordinary accomplishment confirmed the United States’ technological ascendancy for a generation.  
Now decades later – why return to the moon?
Knowledge of our Universe – we strive to understand the origin and history of our Solar System, the origin of lie, and the ultimate fate of our universe.  People are the best explorers, but they often need machines to help – an integrated program of missions by humans to explore, to understand and to gain knowledge of the universe and or place in it is needed.
Advancement in Science and Engineering – returning to the moon and moving onward to Mars requires the best engineering and scientific talent our nation can muster.  Through along range commitment to space, we stimulate our national education system and inspire students to learn.  Motivate students are essential to excellence in education. Returning to the moon and onward to mars will motivate and inspire new generations
Technologies for Earth – America’s recent history has demonstrated that our space program stimulates a wide range of technological innovations that find abundant application in the consumer marketplace.  Focused goals to effect practical and beneficial technological change
Commercialization of Space – Commercial products such as zero gravity derived material and services like advanced global communications all become increasingly feasible and profitable once routine, reliable and affordable access to space is provided
Strengthen US Economy – this an investment in our future.





Note
Why Mars?
Of all the planets in our solar system Mars is the most like Earth.  With a thin atmosphere, weather m seasons and a 25-hour say, Mars has a diverse and complex surface, including ice and as we’ve discovered evidence of water.  Although conditions on Mars cannot support life now, a variety of evidence suggests that Mars was warmer, wetter and had a much denser atmosphere early in its history.  Life may have existed.  Mars has undergone a complicated geological evolution.  Understanding the periodic changes in climate that may have occurred on Mars will help us understand the Earth’s climate and predict its future behavior – a topic vital to the survival of life on Earth.

We have some considerations:
At its closest point Mars is 35 million miles from Earth.  By comparison,  the Moon is only a quarter-million miles away – a 3 day journey.  The challenges of a Mars expedition stem from distance, the long times away from Earth, the environment of deep space and Mars’ unique characteristics.





Note
Why the Moon?
Our closest neighbor is surprisingly complex.  It is an object for detailed exploration, a platform from which to observe and study the universe, a place to live and work in the environment of space, and a natural source of materials and energy.  The moon offer s a record of 4 million years of planetary history, the moon is the nearest object  in space where people can live under conditions similar to those we will face on other planets.  It is a natural test bed to prepare for missions to Mars through simulation, systems testing, operations and studying human capabilities.





Note
The moon is a rich source of natural material and energy for use in space.  Abundant metals, ceramics, and recoverable amounts of hydrogen, carbon and oxygen can provide propellants and human life support from the lunar surface.  Our moon provides a rich scientific and economic way station for human expansion into the solar system.





Note
What are our challenges – 
Conventional chemical propulsion missions take about 230 days one way and require long surface stays of about 500 days to allow planets to realign before returning home.  

A heavy lift launch vehicle is the basic  capability needed to support any lunar and Martian architecture.  The Apollo Saturn V launch vehicle had a lift capability of 140 metric tons to low Earth orbit.  This provided a very constrained payload capability to the lunar surface.





Note
Advanced nuclear propulsion technologies can shorten the transit time, provide flexible surface stay times, significantly reduce the propellant mass to low Earth orbit and increase the available launch opportunities.  Shorter travel times are desirable to reduce the impact of the deep space environment on the crew and mission equipment.

The challenges of a Mars trip will require several hundred tons of equipment, and fuel for the expedition.  Heavy lift capability will be required to minimize the assembly in Earth Orbit.  Nuclear propulsion technology allows reduced weight, approximately one-half that of chemical systems and achieves faster interplanetary trip times
At Mars we need Earth-independent operations since roundtrip communications times will vary from seven to 40 minutes.  We also need improved long term life support systems that operate for lengthy time periods without resupply.





Note
Habitats are required to support crews on the surface of the Moon and Mars, from six crew members with short stay times up to 18 crew members for multi-year periods.  The practical size of habitats and the requirement to transport them will dictate habitat size.
A habitat should maintain the crew in a mission-dependent level of comfort.  The habitat system should consist of a primary structure, life support system, internal structure and equipment and an airlock.  The life support system manages and controls the air chemistry, temperature, food-water supply, and waste removal.  Temperature and humidity control, atmospheric control and supply, atmospheric revitalization, water reclamation and management, waste processing fire detection and suppression.are basic subsystem functions. 
Internal walls, floors, kitchen and hygiene equipment enhances comfort. Usable volume and space allocation must be considered.  Integration of human factors need to be addressed with environmental and physical considerations such as lighting and ventilation.
Habitats could be constructed using either rigid pressure vessels or inflatable structures.  Radiation protection is needed
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Note
Extravehicular activities will be a significant part of human space exploration and will require a suit that will enable unconstrained operations.  Due to the external environment the suit mist protect the occupant from vacuum, low-pressure atmosphere, extremes of temperature, clinging particles of dust, micrometeorites, and potentially reactive soils.  The gravity levels also vary from zero to 3/8 that of Earth.  The suits must be reliable dexterous, comfortable, easily maintainable, and compatible with all transportation systems,.

Air revitalization and water recovery are critical.





Note
Precursor mission are used as the most cost effective and efficient approach to perform reconnaissance and demonstrate equipment and processes.
Rovers are required to transport both materials and crews.  Mars precursors have collected information that can be used  to evaluate site attributes and safety, chemical and physical properties, and possible toxic properties of the surface material.
A robotic sample return has been suggested as a precursor to human missions to Mars.
Tele-presence is a method of permitting complete human control of robotic explorers on planetary surfaces.  The concept ti to simulate realty for the human operators such that they believe they are on the surface of the Mon and Mars.
Tele-operations and crew tended operations also have to be considered as well as fully automated systems.
Remote sensing systems also have applicability.





Note
Crew health for lunar and Martian expeditions is crucial.  





Note
Long duration space flight will require safeguards for mental health as well as physical health.  Psychological and psychosocial considerations, such as crew selection, small group dynamics a, provision for recreations and optimal crew size and mix will all have to be considered.





Note
Medical emergencies can now be better managed with the portable resources recently developed.





Note
Our lunar experiences can provide us the technologies and resources necessary to assemble the architecture to take us to Mars.

Communications, control and navigation

Effective communications and information management systems for mission control, science data return, and support for navigation are essential.





Note
Space is a unique store of resources; solar energy in unlimited amounts, materials in vast quantities from the surface if the Moon and Mars, gases from the Martian atmosphere, and the vacuum and zero gravity of space itself. With suitable processing, these raw resources are transformed into useable products  The products while increasing exploration efforts provide bulky materials at a fraction of the cost of transporting huge masses from the deep gravity well of Earth, supply much of the energy needs of pioneering space activities , produce the constituent gases for air and would generate fuel for use by both chemical and nuclear rockets.





Note
Mars transfer vehicles must be designed for low launch mass/volume and minimal on-orbit assembly, but maximize crew safety.  Automated rendezvous and docking of spacecraft will reduce on-orbit assembly requirements for Mars missions.

Transfer vehicles must provide for crew comfort, communications, control and science needs; however the balance will vary with mission duration.  Regardless of mission duration radiation protection from solar flare events and galactic cosmic rays are a critical issue for crewed missions.  Methods for reducing the mass of radiation of shielding and refining the prediction of solar flare events would directly enhance crew safety and decrease cost.





Note
Our children could easily experience the thrill that many of us did in 1969 – this time it will be a Martian landing.  





Note
Our lunar experiences will transfer to the surface of Mars.







Note
What will it take to get to Mars?
Heavy lift launch capability
Possible nuclear thermal propulsion
Enhanced extravehicular activity suit
Cryogenic transfer and long-term storage
Automated rendezvous and docking of large mass
Zero gravity countermeasures
Radiation effects and shielding
Tele-robotics
Closed loop life support systems
Human factors for long duration space missions
Lightweight structural materials and fabrication
In-situ resource evaluation and processing





Note
Humans have the drive to explore, to learn, to understand.  It is our destiny to leave Earth and journey through the stars.



